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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

15 The invention is related to the field of communications, and in particular, to 

optical wavelength protection in a communication system. 

2. DESCRIPTION OF THE PRIOR ART 

A Point-of-Presence (POP) is the location where a user exchanges Iheir 
20 communications with a commxmication network. The communication network will have 
several POPs distributed around a geographic area to exchange communications directly 
witii the users or indirectly with the users through other communication systems. The 
POP may be comprised of a Synchronous Optical Network (SONET) Add/Drop 
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Multiplexer (ADM). Thus, the SONET ADM exchanges communications with the users 
— either directly or indirectly. 

The commxmication system also includes an optical network to process and 
transfer the user communications between POPs. Thus, the SONET ADM in a first POP 
receives communications firom a first user system and transfers the communications to the 
optical network. The optical network processes and transfers the user communications to 
a second SONET ADM in a second POP. The second SONET ADM transfers the user 
communications to a second user system. Wavelength Division Multiplexing (WDM) 
systems in the optical network allow the SONET ADMs to transfer the communications 
from various users over various optical wavelengths. 

The SONET ADMs and the optical network may be configured to form SONET 
rings. If the optical network experiences a fault, such as a fiber cut, then the SONET 
ADMs re-route the communications around the other side of the ring. Unfortunately, if 
the SONET ADM in a POP fails, then the SONET ring protection also fails. Thus, the 
SONET ADMs do not adequately protect user communications from POP-to-POP. 

SUMMARY OF THE INVENTION 

The invention helps solve the above problems with a communication system that 
provides POP-to-POP wavelength protection for user communications. 

Some examples of the invention include a method of operating the 
communication system to transfer user communications for a user. The method 
comprises: in a first POP, receiving first user conmiunications from a first user system 
and transferring the first user communications to an optical network over a first optical 
wavelength; in the optical network, receiving the first user communications from tiie first 
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POP over the first optical wavelength and transferring the first user communications to a 
second POP over the first optical wavelength; in the second POP, receiving the first user 
communications fi-om the optical network over the first optical wavelength and 
transferring the first user communications to a second user system; in the first POP, 
transferring the first user conununications to the optical network over a second optical 
wavelength instead of the first optical wavelength responsive to a problem with the 
transfer of the first user communications over the first optical wavelength; in the optical 
network, receiving the first user communications fi-om the first POP over the second 
optical wavelength and transferring the first user communications to the second POP over 
the second optical wavelength; and in the second POP, receiving the first user 
communications firom the optical network over the second optical wavelength instead of 
the first optical wavelength and transferring the first user communications to the second 
user system. 

Some examples of the invention include a communication system to transfer user 
communications for a user. The communication system comprises a first POP, a second 
POP, and an optical network. The optical network is configured to transfer first user 
communications over a first optical wavelength and over a second optical wavelength. 
The first POP is configured to receive the first user communications fi*om a first user 
system and transfer the first user communications to the optical network over the first 
optical wavelength. Responsive to a problem with the transfer of the first user 
communications over the first optical wavelength, the first POP is configured to transfer 
the first user commxmications to the optical network over the second optical wavelength 
instead of the first optical wavelength. The second POP is configured to receive the first 
user communications from the optical network over the first optical wavelength and 
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transfer the first user communications to a second user system, and responsive to the 
problem with tiie transfer of the first user communications over the first optical 
wavelength, to receive the first user communications fi-om the optical network over the 
second optical wavelength instead of the first optical wavelength and transfer the first 
5 user communications to the second user system. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a conmiunication system in an example of the invention. 
FIG. 2 illustrates a commxmication system in an example of ttie invention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

FIGS. 1-2 and the following description depict specific examples to teach those 
skilled in the art how to make and use the best mode of the invention. For the purpose of 
teaching inventive principles, some conventional aspects have been simplified or omitted. 
15 Those skilled in the art will appreciate variations from these examples that fall within the 
scope of the invention. Those skilled in the art will appreciate that the features described 
below can be combined in various ways to form multiple variations of the invention. As 
a result, the invention is not limited to the specific examples described below, but only by 
the claims and their equivalents. 

20 

Example #1 

FIG. 1 illustrates communication system 100 in an example of the invention. 
Communication system 100 includes Point-of-Presence (POP) 101, POP 102, and optical 
network 103. Optical network 103 is coupled to POP 101 and to POP 102. POP 101 is 
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coupled to user system 191. POP 102 is coupled to user system 192, User systems 191 
and 192 could be the communication equipment of the user or the communication 
equipment of a service provider that the user uses for access to communication system 
100. 

5 POP 101 receives user communications from user system 191 . POP 101 transfers 

the user communications to optical network 103 over a first optical wavelength. Optical 
network 103 receives the user communications from POP 101 over the first optical 
wavelength. Optical network 103 transfers the user communications to POP 102 over the 
first optical wavelength. During the receipt and transfer, optical network 103 may 
10 convert the user communications between optical and electrical for storage, routing, or 
other processing. POP 102 receives the user communications from optical network 103 
over the first optical wavelength. POP 102 transfers the user conmiunications to user 
system 192. 

The transfer of the user communications over the first optical wavelength may 
15 experience a problem that adversely affects the communication service provided to the 
user by commimication system 100. Examples of such a problem include: 1) faults or 
fiber cuts in communication system 100, 2) an xmdesirable level of errors in the user 
communications, 3) undesirable latency for the user communications, 4) undesirable 
security for the user conmiunications, or 5) alarms or equipment malfimction in 
20 communication system 100. In response to the problem, coimnimication system 100 uses 
a second optical wavelength that is different from the first optical wavelength for transfer 
of the user communications. Advantageously, the transfer from the first wavelength to 
the second wavelength occurs in POPs 101 and 102, so the user benefits from POP-to- 
POP wavelength protection within communication system 100. 



6 



Sprint Docket 2034 

In response to a problem with the transfer of the user communications over the 
first optical wavelength, POP 101 transfers the user communications to optical network 
103 over a second optical wavelength instead of the fu^t optical wavelength. Optical 
network 103 receives the user communications fi-om POP 101 over the second optical 
5 wavelength. Optical network 103 transfers the user commxmications to POP 102 over the 
second optical wavelength. POP 102 transfers the user communications to user system 
192. 

To implement the wavelength switch-over, POPs 101 and 102 coordinate the 
timing of the switch-over with one another to provide service continuity. The 
10 coordination may be provided by an external control system. 

In some variations, POP 101 receives the user communications firom user system 

191 over the first optical wavelength. POP 101 may still receive the user 
communications fi-om user system 191 over the first optical wavelength even if POP 101 
transfers the user communications to optical network 103 over the second optical 

15 wavelength. 

In some variations, POP 102 transfers the user communications to user system 

192 over the first optical wavelength. POP 102 may still transfer the user 
communications to user system 192 over the first optical wavelength even if POP 102 
receives the user communications from optical network 103 over the second optical 

20 wavelength. 

In some variations, POP 101 detects the problem with the transfer of the user 
communications over the first optical wavelength. 

In some variations, POP 102 detects the problem with the transfer of the user 
communications over the first optical wavelength and responsively transfers a control 
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instruction to POP 101. POP 101 receives the control instruction and transfers the user 
communications to optical network 103 over the second optical wavelength responsive to 
the control instruction. 

In some variations, optical network 103 detects the problem with the transfer of 
the user communications over the first optical wavelength and responsively transfers a 
control instruction to POP 101. POP 101 receives the control instruction and transfers the 
user communications to optical network 103 over the second optical wavelength 
responsive to the control instruction. 

In some variations, the user detects the problem with the transfer of the user 
communications over the first optical wavelength and responsively transfers a control 
instruction to POP 101. POP 101 receives the control instruction and transfers the user 
communications to optical network 103 over the second optical wavelength responsive to 
the control instruction. 

In some variations, the user detects the problem with the transfer of the user 
communications over the first optical wavelength and responsively transfers a control 
instruction to POP 102. POP 102 receives the control instruction and receives the user 
communications fi-om optical network 103 over the second optical wavelength responsive 
to the control instruction. 

In some variations, optical network 103 transfers the user communications over 
the first optical wavelength in a first physical path. If there is a problem with this 
transmission, then optical system 103 transfers the user communications over the second 
optical wavelength in a second physical path. In some cases, the first physical path may 
geographically diverse fi-om the second physical path. Geographical diversity means that 
the two physical paths remain physically separated by more than 20 miles except for the 
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portions of optical network 103 coupled with and proximate to POPs 101 and 102. In 
other cases, the first physical path may physically diverse from the second physical path. 
Physical diversity means that the two wavelengths propagate over different optical fibers. 
In some variations, user communications that are transferred fi^om user system 
5 192 to user system 191 also obtain the benefits of wavelength protection firom 

communication system 100. POP 102 receives user conmiunications fi-om user system 
192. POP 102 transfers the user commxmications to optical network 103 over a third 
optical wavelength. Optical network 103 receives the user communications firom POP 

102 over the third optical wavelength. Optical network 103 transfers the user 

10 communications to POP 101 over the third optical wavelength. POP 101 receives the 
user conmiimications fi-om optical network 103 over the third optical wavelength. POP 
101 transfers the user communications to user system 191 . In response to a problem with 
the transf(a: of the user communications over the third optical wavelength, POP 102 
transfers the user commxmications to optical network 103 over a fourth optical 

15 wavelength instead of the third optical wavelength. Optical network 103 receives the 
user communications fi-om POP 102 over the fourth optical wavelength. Optical network 

103 transfers the user communications to POP 101 over the fourth optical wavelength. 
POP 101 transfers the user communications to user system 191. The third optical 
wavelength is different fi-om the fourth optical wavelength. The third optical wavelength 

20 may be the same as the first or second wavelengths, and the fourth optical wavelength 
may be the same as the first or second wavelengths - as long as the third and fourth 
wavelengths remain different fi-om one another. The other variations discussed above are 
applicable to this variation. 
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Example #2 

FIG. 2 illustrates communication system 200 in an example of the invention. 
Conmiimication system 200 includes POP 201 , POP 202, and optical network 203. POP 
201 includes wavelength switching system 221, Wavelength Division Multiplexing 
(WDM) system 223, and Synchronous Optical Network (SONET) Add/Drop Multiplexer 
(ADM) system 225. POP 202 includes wavelength switching system 222, WDM system 
224, and SONET ADM system 226. 

Optical network 203 is coupled to SONET ADM system 225 and SONET ADM 
system 226. SONET ADM system 225 is coupled to WDM system 223. WDM system 
223 is coupled to wavelength switching system 221. Wavelength switching system 221 
is coupled to user system 291 . SONET ADM system 226 is coupled to WDM system 
224. WDM system 224 is coupled to wavelength switching system 222. Wavelength 
switching system 222 is coupled is coupled to user system 292. 

User systems 291 and 292 could be the communication equipment of the user or 
the conmiunication equipment of a service provider that the user uses for access to 
communication system 200. Typically, optical network 203 includes WDM systems, 
SONET ADM systems, and switching and routing systems to transfer the user 
communications. Optical network 203 may also convert the user communications 
between optical and electrical for storage, routing, or other processing. 

Wavelength switching system 221 receives user communications from user 
system 291 over optical wavelength 23 1 and transfers the user communications to WDM 
system 223 over optical wavelength 23 1 . WDM system 223 receives the user 
communications from wavelength switching system 221 over optical wavelength 231 and 
transfers the user conmiunications to SONET ADM system 225 over optical wavelength 



10 



Sprint Docket 2034 

23 1 . SONET ADM system 225 receives the user communications from WDM system 
223 over optical wavelength 23 land transfers the user communications to optical network 
203 over optical wavelength 23 1 . Optical network 203 receives the user communications 
from over optical wavelength 231 and transfers the user communications to SONET 
5 ADM system 226 over optical wavelength 23 1 . SONET ADM system 226 receives the 
user communications from optical network 203 over optical wavelength 23 land transfers 
the user commxmications to WDM system 224 over optical wavelength 23 1 . WDM 
system 224 receives the user commimications from SONET ADM system 226 over 
optical wavelength 231 and transfers the user communications to wavelength switching 

10 system 222 over optical wavelength 23 1 . Wavelength switching system 222 receives 
user conraiunications from WDM system 224 over optical wavelength 231 and transfers 
the user communications to user system 292 over optical wavelength 23 1 . 

The transfer of the user communications over optical wavelength 23 1 may 
experience a problem that adversely affects the communication service provided to the 

15 user by conmiunication system 200. Examples of such a problem include: 1) faults or 
fiber cuts in communication system 200, 2) an undesirable level of errors in the user 
communications, 3) undesirable latency for the user conmiunications, 4) undesirable 
security for the user communications, or 5) alarms or equipment malfunction in 
communication system 200. In response to the problem, commimication system 200 uses 

20 optical wavelength 232 that is different from optical wavelength 23 1 for transfer of the 
user communications. Advantageously, the transfer from the wavelength 23 1 to 
wavelength 232 occurs in wavelength switching systems 221 and 222, so the user 
benefits from POP-to-POP wavelength protection within communication system 200. 
Note that wavelength protection switches 221 and 222 are located on the user side of 
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POPs 201 and 202 to provide true end-to-end wavelength protection within 
communication system 200. 

In response to a problem with the transfer of the user communications over the 
optical wavelength 231, wavelength switching system 221 transfers the user 
communications to WDM system 223 over optical wavelength 232 instead of optical 
wavelength 23 1 . WDM system 223 receives the user communications from wavelength 
switching system 221 over optical wavelength 232 and transfers the user communications 
to SONET ADM system 225 over optical wavelength 232. SONET ADM system 225 
receives the user communications from WDM system 223 over optical wavelength 232 
and transfers the user communications to optical network 203 over optical wavelength 
232. Optical network 203 receives the user communications from over optical 
wavelength 232 and transfers the user communications to SONET ADM system 226 over 
optical wavelength 232. SONET ADM system 226 receives the user communications 
from optical network 203 over optical wavelength 232 and transfers the user 
communications to WDM system 224 over optical wavelength 232. WDM system 224 

receives the user communications from SONET ADM system 226 over optical 

•J 

wavelength 232 and transfers the user communications to wavelength switching system 
222 over optical wavelength 232. Wavelength switching system 222 receives user 
communications from WDM system 224 over optical wavelength 232 and transfers the 
user communications to user system 292 over optical wavelength 23 1 . 

To implement the wavelength switch-over, wavelength switching systems 221 
and 222 coordinate the timing of the switch-over with one another to provide service 
continuity. The coordination may be provided by an extemal control system. 
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In some variations, wavelength switching system 221 detects the problem with the 
transfer of the user communications over optical wavelength 23 1 . 

In some variations, WDM system 223 detects the problem with the transfer of the 
user communications over optical wavelength 23 land responsively transfers a control 
instruction to wavelength switching system 221. Wavelength switching system 221 
receives the control instruction and transfers the user conmiunications to WDM system 
223 over optical wavelength 232 responsive to the control instruction. 

In some variations, SONET ADM system 225 detects the problem with the 
transfer of the user communications over optical wavelengtti 23 land responsively 
transfers a control instruction to wavelength switching system 22 L Wavelength 
switching system 221 receives the control instruction and transfers the user 
communications to WDM system 223 over optical wavelength 232 responsive to the 
control instruction. 

In some variations, SONET ADM systrais 225-226 could be replaced by Gigabit 
Ethemet systems. Thus, Gigabit Ethernet systems would exchange the user 
communications between WDM systems 223-224 and optical network 203. Optical 
network 203 may also use Gigabit Ethemet to transfer the user conununications between 
Gigabit Ethemet systems. 



CLAIMS: 
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